min has been reported by Tatumn Wood and Peterson (1936b) as stimulatory to certain species. However, Silverman and Werkman (1939) found that cultures could be "trained" to grow vigorously in its absence. Riboflavin has been reported by Wood, Anderson and Werkman (1938) as stimulatory, but it can apparently be dispensed with (Krauskopf, Snell and Peterson, 1939) . Pantothenic acid has been shown by Krauskopf, Snell and Peterson (1939) to be required by several species. No success in the culturing of any of these organisms on a completely synthetic medium has been reported. Perhaps the nearest approach was that of Wood, Tatum and Peterson (1937) , who succeeded in growing a number of species in a synthetic (NH4)2SO4 medium supplemented with an ether extract of an aqueous yeast extract. Growth was rather meager, however, and addition of hydrolyzed casein was necessary for sub-culturing.
It was the purpose of this investigation to ascertain which, if any, of the Propionibacteria could be grown on an essentially synthetic medium containing all of the known B-vitamins; and, if growth were obtained, to show which of the vitamins were essential for growth. The organisms investigated were the following: Propionibacterium jensenii (1), P. jensenii (29), P. pentosaceum (4), P. thonii (15) The casein hydrolysate was prepared by refluxing 100 g. of Labco "VitaminFree" casein with one liter of constant boiling HC1 for 8-10 hours. The HC1 was then removed by repeated vacuum distillation, and the pH adjusted to 3.0. 10 g. of Darco G-60 decolorizing charcoal were then added and the mixture shaken for fifteen minutes. The charcoal was then removed by filtration and the solution preserved under toluene.
The vitamins investigated and the amounts in which they were used are as follows: These amounts were thought to be sufficient in the light of the requirements of other organisms. All of the vtmins employed were crystalline products with the exception of folic acid, which was a concentrate of potency 3,000. The amount of folic acid added per culture was equivalent to one milligram of Liver Fraction B (Wilson). Procedure Inoculum tubes containing 10 ml. of the basal medium plus 1 mg. of Difco yeast extract were inoculated from yeast-extract glucose stabs and incubated forty-eight hours at 330C. The-cells were centrifuged out, the supernatant medium decanted, sterile saline added, and the cells suspended by shaking. They were again centrifuged out and resuspended in sterile saline. It was hoped by this washing process to reduce to a minimum any carryover from the yeast-extract inoculum medium. The suspensions of the various strains were diluted to an approximately uniform, slight turbidity, and 1 ml. of this suspension added to 150 ml. of double-strength, sterile, basal medium. A 5 ml. amount of this inoculated medium was added to each of a series of tubes containing all of the B-vitamins but one, and also control tubes containing all of the vitamins, none of the vitamins, 1 mg. yeast extract, and 10 mg. yeast extract-all of these dissolved in 5 ml. of water, so that the final culture had a volume of 10 ml. By thus inoculating the medium before distribution to the various tubes it was hoped to obtain uniform inoculation, personal experience and the work of Chaix and Fromageot (1935) having indicated that the growth of the Propionibacteria is very sensitive to the size of the inoculum. All of the above operations were carried out aseptically. The cultures were incubated for three and one-half days at 33°C. Growth was then estimated turbidimetrically with the aid of the thermoelectric turbidimeter described by Williams, McAlister and Roehm (1929) .
RESULTS
The results of the preliminary experiment described above are shown in or- ganism. It was carried through seven serial transfers on the basal medium plus these four vitamins, abundant growth occurring in all subcultures. With only pantothenic acid and biotin added, however, growth failed on the fourth subculture. Addition of either thiamin or p-aminobenzoic acid in addition to pantothenic acid and biotin allowed growth to continue through seven transfers, although growth was somewhat less abundant than when all four vitamins were present.
P. rubrum-19: This organism in the preliminary experiments grew slightly on the completely vitamin-supplemented medium (table 1) , but all succeeding attempts to secure growth on this medium were unsuccessful. Five of the nine Propionibacteria studied in this investigation were found to grow satisfactorily through repeated subculture on a medium, synthetic with the exception of a charcoal-treated "vitamin-free" casein hydrolysate. All of these five required pantothenic acid. This confirms the earlier work of Krauskopf, Snell, and McCoy (1939) . Four of the five required biotin. It seems probable that the ether extract of yeast extract used by Wood, Tatum and Peterson (1937) in the culture of Propionibacteria was effective due to its content of pantothenic acid and biotin. Nicotinic acid, riboflavin, pyridoxin, inositol, and folic acid were, under the conditions of this experiment, without stimulatory effect. The role of thiamin and of p-aminobenzoic acid is somewhat obscure. For certain of the organisms one or the other or perhaps both are apparently essential for continued subculture. Silverman and Werkman (1939) found that the thiamin requirements of Propionibacterium pentosaceum were widely variable depending upon the previous history of the culture. Response to p-aminobenzoic acid by P. thonii has been observed in the course of this investigation to be quite irregular. On some occasions this organism has shown practically no response (as in table 1) and at other times, under apparently identical conditions, growth would be more than doubled by addition of pamninobenzoic acid. These facts, together with the apparent adaptation of P. pentosaceum and P. arabinosum to slow growth in an unfavorable medium, appear to support the conclusion reached by Wood, Anderson and Werkman (1938) in reviewing the then known nutritional requirements of the Propionibacteria, namely, that these organisms are endowed with rather remarkable adaptive capacities.
P. pentosaceum, P. rubrum, P. zeae, and P. arabinosum apparently require a factor or factors in addition to the eight B-vitamins considered in this study. This factor (or factors) is present in yeast extract. It should also be noted (table 1) that with the exception of P. technicum, all strains are stimulated by yeast extract, over and above the stimulation of the eight B-vitamins. The nature of this stimulation is being investigated.
